Abstract
Introduction

Analytical Separation Procedure
134
Three experimental procedures were carried out using each apparatus:
135
(1) Injection after reaching hydrodynamic equilibrium. The column was entirely filled 136 with the SP, set rotating at required speed and MP was pumped into the column. After the 137 MP front emerged indicating that hydrodynamic equilibrium has been established, the 138 sample solution was injected through the injection valve. For each instrument 139 hydrodynamic equilibrium was established at rotational speed 10% lower than maximum 140 recommended by the instrument's manufacturer. Prior the injection the rotation was 141 increased to the recommended maximum. Elution of 0.8 Vc occurred before extrusion.
142
(2) Injection with a mobile phase front (without equilibration): the column was entirely 143 filled with the SP and set rotating at maximum speed. Sample injection was done after MP 144 has passed the injection valve [13] to create a buffer zone between the SP and the sample 145 solution. Again, equilibrium was established at a rotational speed 10% lower than the 146 maximum recommended and, prior to the injection, the rotation was increased to the 147 recommended maximum. Elution of 1.6 Vc was allowed before extrusion of the column 148 content was performed.
149
(3) Same procedure as (1) but elution of 1.6 Vc was permitted before extrusion took place.
150
The elution was based on Vc in procedures (1) and (3) due to the elution of the first target 151 compound with Kd < 1.
153
Stationary phase retention calculation
154
For separations with injection before equilibration (procedure 2), the stationary phase 155 retention (Sf) was calculated using the formula below as a ratio of SP volume to total column 156 volume. The amount of SP eluted from the column during equilibrating is equal to the MP
Resolution calculation 169
Resolution (Rs) was calculated using the following formula, which makes the assumption 170 that all peaks are symmetrical:
Where V is the peak volume and W is the width volume of two consecutive compounds
173
( Table 2 ). This calculation was based on TLC analysis (for detailed information, see S1 in plates.
178
Two target compounds, 3β-masticadienonic and masticadienolic acids, were not eluting 179 consecutively in the CCC run. Therefore, there were two resolution values calculated. The
180
Rs1 was resolution between 3β-masticadienonic acid and impurity, and Rs2, resolution 181 between impurity and masticadienolic acid ( Table 2) .
183
Scale-up factor calculation from analytical to preparative separation
184
In this work, traditional and non-traditional methodologies to scale-up were combined
185
( Tables 3 and 4) .
186
 linear scale-up factor (SUF) was applied to columns with different length and i.d.
187
 volumetric SUF was applied to columns with similar length but different i.d.
188
 length transfer factor (TF) was applied to columns with different length but same i.d.
189
Calculations can be visualized as follows:
Where A is a cross-sectional area, V is the volume and L is the length of a column. (3% vanillin solution in methanol with 10% H2SO4) followed by heating at 105˚C. Results
197
were compared to previous TLC analysis [11] to identify the target compounds. for Quattro HT-Prep rotating at 860 rpm and 82.7 g for P.C. Inc. rotating at 860 rpm (Table   224 1).
225
Calculations of tubing (column) length and cross sectional area of each CCC column (Table   226 1) were required to determine which scale-up approach is appropriate. -(sample concentration (100 mg/mL) and sample volume (5% Vc) -were established in 233 previous work [11] . Elution flow-rate was set at 0.5 mL/min for high-speed and 0.75 mL/min for high-performance equipment in order to maintain similar stationary phase retention.
235
Results were analyzed in terms of Sf, Sf* and Rs (Tables 1 and 2 ).
236
Each equipment provided similar Sf and Sf* ( considered to be quite a common practice to inject with a solvent front (without equilibrating)
243
to make experiment shorter.
244
It can be seen from columns inside the same equipment, and was called intra-apparatus scale-up (Table 4) .
270
According to traditional scale-up theory, which is based on increases of both cross-sectional 
275
For columns having different length but same i.d., a length transfer factor, was applied.
276
Traditionally, when n of such columns are connected in series and the flow rate kept the 277 same, peak resolution would increase as a factor of √ but also the separation time [15] . In 
Spectrum-DE
286
Linear scale-up was applied to scale-up from Spectrum DE analytical 22 mL to semi-287 preparative 125.5 mL column, as they differ in length and i.d., by a factor of 4.0 ( volume is bigger than if columns would be connected inside.
342
The volumetric approach was applied to transfer method from analytical 26 mL to semi-343 preparative 98 mL by a factor of 3.8 and from semi-preparative 98 mL to preparative 224 mL 344 by a factor of 2.2 ( Table 3 ). The length factor was calculated to scale-up from the 98 mL (1 345 column) to the 193 mL (2 columns) ( could be calculated to transfer parameters from 193 to 224 mL column ( Table 3) .
349
Higher Sf values were achieved ( effect on the quality of the separation process, specially for compounds eluting after Kd=1. contributed to the positive effect on peak resolutions, which were higher in the preparative 374 than in the semi-preparative run. 
Inter-apparatus method transfer
377
The overall results discussed above showed that it is feasible to adapt the method developed 378 in one CCC machine to another, even when they have different column volumes and design.
379
However, some essential parameter adjustment must be taken into account to assure matching 
404
Unfortunately not all these parameters were available for the instruments used in this work.
405
It is also important to consider the type of CCC used: high performance machines are 406 specially designed to run at higher rotational speeds and flow rates. The higher number of is possible to maintain the same g-level via adjusting rotational speed in order to achieve 413 same Sf for a given flow rate.
414
Using methodology described, the experiments performed in this study showed that, in 415 general, all equipment was able to deliver equally efficient fractionation of the target 416 compounds from the S. terebinthifolius dichloromethane extract. 
430
There is a lack of published inter-compatibility studies on CCC instruments, but method 431 transfer and reproducibility of the CCC technology is viable when using scale-up theory 432 based on column characteristics. Collating data of such examples will make these scale-up 433 approaches even more robust and easy to use.
434 Table 1 . CCC equipments used and experimental conditions (1) Procedure (1); (2) Procedure (2) and ( 
84
(1)
1.1 78 (2) 78 (2) 87 (3) 87 (3) 125.5
1.6 / 2.0 62.5 7.0 / 5.6
3.0 / 6.0 3.0 89 (3) 89 (3) 4.4 6.0 / 12.0 6.0 84 (3) 80 (3) 8.8 3.0 / 6.0 6.0 86 
87 (1) 0.75 86 (2) 86 (2) 87 (3) 87 (3) 285. 
80
1.3 79 (2) 78 (2) 80 (3) 79 (3) 98. 
67 (1) 0.6 65 (2) 65 (2) 67 (3) 67 (3) 80. 
